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OF CHRONIC LYME ARTHRITIS WITH HI.&DRd AND HLA-DR2 ALLELES 
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&&&- d#fJ&-j’Meehaas. A&percent. 
tBe’ of pa@ents hfected WKh 8tm?lia lxJf@mfed have 

‘Chionk~Lyme ar&ftis that does not respond to antibiot- 
9c uierapy. To lean whether genetically determhled vari- 
;.utkns h the host immune response might accent for 
’ 8ud1 outcoma, we~detefmi~~~ immunogenetk pro- ;j~~d~~“@.&$&~manHestationsof‘yme 

j L d8eme. 
I ResuJts. ofttw&‘patientswitha 57percentof 
’ -a those with drronk arthri@ (12 to 46 mon& in duration) 

: htidtheHLA-DR4+dfidty;only23pefGltofUlosewittl 
artMtisofmoderateduration(6to11 months)andonly 

- -‘-Q~ofthwewttharthrHisofshortdu~~(l to5. 
months) had tf& specifii (P = 0.003). After @KI HLA- 
DfWpoMm patientq were exduded from each group, a 
mandary associatfon was noted with HUWFt2, which 
was fbund in 75 percent of the remaining patients with 
cbronkartMisandin6OpercentofthosewitharWtisof 

$ of the joints, which is seen in about 80 percent of 
~.‘paticnts, often begins with migratory joint pain and 
Y: is kqucntly followed months later by brief attacks 
.: of ol.igoarthritis.* During the second and third years 

of illness, the episodes of arthritis may last longer, 
and in about 10 percent of patients joint involvement 
.kcomcs chronic, sometimes with erosion of carti- 
lage and bone. *f The synovial lesions in such patients 
arc similar to those seen in the other types of chron- 
ic inflammatory arthritis, including rheumatoid ar- 
thritis.4-s In patients who later have arthritis, 8. burg- 
$rJd probably spreads to the joints early ,..in -the 
tllness, but the fact that only a small percentage 

. have chronic arthritis suggests that host factors 
, determine the severity and duration of arthritis. 

Lyme arthritis can usually bc treated successfully 
witp’ @biotic th~rapy.~ However, regardless of 
the antibiotic used and the number of courses given, 
in some patients the arthritis does not respond to 
trcatmcnt. 

Susceptibility to a number of diseases with auto- 
immune features is associated with HLA specificities 
encoded by certain Class II, D-locus aklcs of the 
major histocompatibility complex. The Class II molc- 

moderate duration, but In only 20 percent of those wftb 
atthrttis of short duration (P = 0.023). Attogether, 26 of the 
26 patients wtth duonk arthritis (89 percent) had HIA- 
DR2 or HLA-DFM, or both, as compared with 27 percent of 
those with arthritis of short duration (relative rtsk, 22; 
P = 0.00006). These HL4 spedfkities appeared to act 
as independent, dominant markers of susceptfbllii. Nu- 
deotide-sequence typing, performed in five patients with 
chronic artMis, identified the HtA-DR2 allele as Dw2 
(Df?~31*1601), and the HIA-DFt4 alleles as Dw4, Dwi4, 
and Dw13 (DR/WO401, DRglWO4, and OF@1 *0403, 
rem). The presence of HtA-DR4 in patients with 
arthritis was associated with a-la& of response to antibiot- 
k therapy (P = 0.01). - 

Cfmbhs. Partkular Class II major hiitocompatibil- 
ity genes determine a host immune response to 8. burg- 
&fed that r&Us in chronic arthritis and lack of response 
to antibiotic therapy. (N Engl J Mod 1990; 32321923.) 

cults, expressed primarily on B cells and macro- 
phages, bind and-present- antigen to T helper cells, 
which then initiate an immune response against these 
antigens. Genetic variations in the structure of Class 
II molecules are thought to influence the development 
of autoimmune responses, either by determining the 
ty@z and manner of antigen binding or by influencing 
the composition of the T-cell repertoire in the develop- 
ment of self-tolerance during thymic maturation. 

in an early study of 10 patients with chronic Lyme 
arthritis, 7 had HLA-DR2, and 4 had HLA-DR4,8 
suggesting that the chronic joint involvement of this 
infectious disease might have an immunogenetic basis. 
To examine this hypothesis further, WC determined 
the immunogcnetic profiles of 130 patients with var- 
iousmanifcstations of Lyme disease. - 

hklTIODS 

3elecuon of Pstients 
In 1983, in the first phase of the study, we sclectcd 75 patients 

who had had skin. nemologic, or joint manikstations of Lyme dis- 
use for immunogcnetic tat@ Among them, SO patients had had 
etythcma migrans but no other manifatations or the illness; 20 
patients had had Lyme meningitis. sometimes accompanied by cn- 
nial neuritis or radiculoncuritis; and 25 patients had had brief or 
prolonged epiroda of Lyme arthritis. These groups included most 
of the patients WC had seen in these mcgoria who had not been 
treated with antibiotic therapy. From January 1985 through June 
1987, in the second phase of the study, we ~atcd al1 55 patients with 
Lyme arthritis seen at Yale University at the timeof their entry into 
a study of antibiotic treatment. The patients with arthritis were 
subdivided into three groups according to the length of the longest 
period or continual joint involvement - those who had arthritis of 
short duration (I to 5 months), those who had arthritis of moderate 
duration (6 to I I months), and those who had chronic arthritis (I 2 
to 49 months). The study was approved by the Human Invcstiga- 
tions Committee of Yak University, and informed consent was 
obtained from uch patient. 

All the patients in both phases of the study were white and came 
from five states along the northeastern coast OT the United States. 
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Their ages ranged from 7 to 72 years (median, 34); 72 wcrc male. 
and 58 female. All had elevated titers of serum IgM or 1gC anti- 
hody to B. bwgdorjm’, measured as previously docrlbcd.‘~“’ For 
comparison, we studied 86 normal subjects, 53 men and 33 women, 
ran& in age from 18 to St years (n&an. 31). at the New York 
Univenitv Medical School. Thw rubiccts underwent HLA tvnine 

HLA-Typing Procedures 
The HLA-A, B, Cl, DR, and DQ specificities wcrc idcntificd by 

standard lymphocyte-microcytotoxiciy testing” with use of a panel 
of local and achangcd alloantiscrums.‘s In five patients with 
chronic Lyme arthritis who were typed as HW-DR4 or HLA-DR2, 
the eomplemcntary DNA of the DR @ chain was scqucnccd. In 
thcsc patiatts, 5 pg d totd RNA was isolated Gum pcriphcral- 
blood mononttdu.r cells, and ftrst-stmnd synthesis of complcmat- 
~DNAwrrarriedoutwirhweofmerrctruuaipurcinchc 
presence ofprimaz (S’, codons -12 to -6; 3’. codons 105 to 112)” 
After the addition of Tq polymensc, 25 cycles of polymcrase 
chain-rwxiott axttplillcation wcrc performed in a DNA thcmul 
cyckr (Perkin-Elmcr-Cctus), as previously derailted.” The a&i- 
&d product was run on a gel, and the appropriate band was cloned 
into the plasmid pUCI8 using &I and Sac01 rcstriction-cnzynte 
sites. ARer transIiin of XLI-blue &x&r&t coli, IO to 50 colonies 
with inserts were selected and grown. The constructs wctc charac- 
t&cd Cnt by restriction-enzyme digestion and then squcnccd by 
the didcoxy method.” 

StaUstkal Analysis 

For statistical analysis, the comparisons of HLA types in patients 
or normal subjects wcrc made in two-by-two tabla, from which the 
odds ratios wcrc calculated. Wt have cxprcsscd the odds ratios in 
tcrtns of the relative risk, as is customary in this field. The statistical 
significance of the relative risk was calculated by Fisher’s ctact test 
(two-tailed). In an attempt to nullify the possibility of chance Asia 
ciation with a given allele. P valua were multiplied by the number * 
of spccificitia tested at each locus: seven for DR and three for DQ. 

RESULTS 

Of the 75 selected patients with different manifesta- 
tions of Lyme disease whom we tested in the first 
phase of the study, the frequencies of HLA-A, B, C, 
and D specificities in those with etythema migrans 
alone, meningitis, or arthritis were similar to those in 
the 86 normal subjects, However, when the group with 
joint involvement was stratified according to the dura- 
tion of arthritis, 4 of the 9 patients with chronic arthri- 
tis (44 percent) but none of the 16 patients who had 
had shorter periods of arthritis had the HLA-DR4 
specificity. In order to increase the size of the arthritis 
group and to avoid selection bias, we next tested all 55 
patients with Lyme arthritis whom we saw during a 
subsequent 1 Ys.year period, at the time of their entry 
into antibiotic-treatment studies. In this larger, inde- 
pendent, unselected series, the frequency of HLA- 
DR4 was again increased in the 19 patients with 
chronic arthritis as compared with the 36 patients 
with shorter episodes of arthritis. Since the results 
from both phases of the study were similar, they are 
presented together here. -. 
lmmunogenetlc ProIliw of P8Uents wtth Lyme Atthrftis 

Among the 80 patients in both groups who had 
Lyme arthritis, the HLA-DR4 specificity was found in 

57 pir2t%t of those with chronic arthritis (of 12 to 48 
months’ duration), in 23 percent of those with arth,+. 
tis of moderate duration (6 to 11 months), and in only 
9 percent of those with arthritis of short duration (1 to 
5 months) (Table- 1). Therefore, the frequ&cy of 
HLA-DR4 was stguiticantly greater ln paticrrt~ ,,,ih 
chronic artbIiti8 than in those with arthritis of sfrort 
duration (57 percent vs. 9 percent; relative risk, 13; 
P<O:OO3) or the normal subjects (57 percent VS. 31 
percent; relative risk, 3; PCO.01). All 16 patients witi 
chronic arthritis who had HLA-DR4 were hctewly- 
gous at the DR locus. Five had HLA-DR4 and I-II& 
DR3, four had HLA-DR4 and HLA-DR2, three bad 
HI&DR4 and HLA-DRl, and the remaining four 
had HI.&DR4 in association with a different DR 
Specificity. 

A secondary association was noted with the HI,& 
DR2 specificity. This specificity was found in 43 per- 
cent of the patients with chronic arthritis and in 
40 percent of those with arthritis of moderate dura. 
tion, but ‘in only 18 percent of those with arthritis 
of short duration (Table 1). Among patients with ar- 
thritis of moderate duration, the-frequency of HLA- 
DR2 was higher than that of any other specificity, 
including HLA-DR4. After the exclusion of the HLA- 
DRQ-positive patients in each group, the frequency 
of HLA-DR2 was signiicantly higher among the 
remaining patients with chronic arthritis than among 
those with arthritis of short duration (75 percent 
vs. 20 percent; relative risk, 12; P = 0.023) or the 
normal subjects (75 percent vs. 36 percent; relative 
risk, 5; P = 0.02). Taken together, 25 of the 28 ’ 
patients with chronic arthritis had HLA-DR2, HLA- 
DR4, or both, as compared with only 6 of the 22 pa- 
tients with arthritis of short duration (89 percent vs. 
27 percent; relative risk, 22; P = 0.06006). Among ’ 
the remaining three patients with chronic arthritis, 
two had HLA-DRl alone, and one had HI..&DR3 and 
HLA-DR7. 

During the second phase of the study,- it was -also 
possible to test for HLA-DRw52 and DRw53 and for 
the DQ specificities. Fourteen of the 16 patients with 
arthritis of short duration (88 percent) had. HLA- 
DRw52, which is associated with HLA-DR3, -5, ~6, . 
and -8; no patient with chronic arthritis had HLA- 
DRw6. In the above analysis, these specilicitie~ were 
independently associated with a lack of susccptib~t~ 
to chronic arthritis. The frequency of HLA-D&52 ’ 
was significantly higher among patients with arthritis 
of short duration than among those with chronic ar. .s 
thritis (88 percent vs. 37 percent; relative risk, 0.05; ? 
p = 0.003) or those with iuthrib of moderate dura.. 3% 
Gon (88 percent vs. 40 percent; relative risk; O-1; 
P = 0.095) (Table 1). In contrast, the frequency of 

“$$ 
’ 

HLA-DRw53, which is associated with HLA-DR4, -7~ 
and -9, tended to be higher among those with chronic...’ 
arthritis, but this diEerencc was not statihdY &‘n@ 
icant - presumably because of the negative d’. 
ation of HLA-DR7 with chronic arthritis. ‘I-be fie;: 
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quency of HLA-DQw3, which is associated with 
HLA-DR4 and -5, was higher in each group of pa- 
tients with arthritis than among the normal subjects, 
but the di&rences were statistically significant only 
fbr patients with chronic arthritis as compared with 
normal subjects (74 percent vs. 32 percent; relative 
xi& 6; P = 0.003). 

The fkquencics of the HLA-A, B, and C specific- 
ities were not significantly different among the three 

‘groups of patients with Lyme arthritis. Of the 80 
:p&nts, 4 had HLA-B27, 3 of whom had chron- 
‘ic arthritis, but none had other manifestations of ’ 
,.Rcitcr’s syndrome or aacroiliitis. HLA-B7, a spcci- 
Cclty that cross-reacts with HLA-B27, was found in 
45 percent of the patients with chronic arthritis and 
in 37 percent of those with arthritis of short du- 
ration. 

)luckotldbseqlKlnce Typing 
To identify the alleles encoding the HLA‘-DR4 

or DR2 specificity, we sequenced the genes that de- 
Wmlne these specificities in five selected patients 
with chronic arthritis (Table 2). Three patients 
had the HLA-Dw 14 or Dw4 allele (DRPI *OW or 
DR@l*ONII) encoding the DR4 specificity. A fourth 
patient had the HLA-Dwl3 allele of DR4 
(DR@+0483), but he also had the HLA-Dw2 allele of 

DR2 (DR@*l!iOi). The fifth patient also had the 
HLA-Dw2 allele of DR2. 

Of the 80 patients with Lyme arthritis, 60 were 
treated for their arthritis with antibiotic therapy. In 22 
of the 60 patients, designated as responders, the ar- 
thritis improved during treatment and resolved com- 
pletely within three months. The remaining 38 pa- 
tients, classified as nonresponders, did not improve 
during treatment and continued to have joint involve- 
ment for more than three months thereafter. The age 
and sex of the patients, the duration of arthritis 
before treatment, and the antibiotics given were 
similar in the two groups. Of the 22 HLA-DR4- 
positive patients who were treated with antibiotics, 
the arthritis responded to treatment in only 2 (Ta- 
ble 3). Only the presence of HLA-DR4 was sig- 
nificantly associated with the failure of treatment 
(P = 0.01). 

DISCUSSION 

These results provide evidence that chronic Lyme 
arthritis has an immunogenetic basis involving the 
HLA-DR4 specificity and, secondarily, HLA-DR2. 
Although 25 of the 28 patients with chronic arthritis 
h?d HLA-DR4 or DR2, only 3 had both. This is ap- 
proximately the number that would be expected on 
the basis of the estimated gene frequencies in these 
patients. This similarity suggests that HLA-DR4 and 
DR2 alleles act as independent, dominant markers of 
susceptibility and that the presence of both does not 
confer additional risk. 

Several European studies have also found an asso- 
ciation between HLA-DR2 and DR4 and certain other 
manifestations of Lyme disease. In Czechoslovakia, 
in a study of 32 patients with meningopolyneuritis, 
56 percent had HLA-DR2, and 46 percent had 
HLA-DR4.15 In Vienna, of 22 patients with acroder- 
matitis, 52 percent had HLA-DR2.16 However, in 
two other European studies, the frequency of HLA- 
DR2 or DR4 was not increased in patients with 
meningopolyneuritis or acrodermatitis.‘7Ja Bon-&al 
encephalomyelitis, a newly described late neurolog- 
ic manifestation of Lyme disease,” may resemble 
multiple sclerosis, which is also associated with an 
increased frequency of HLA-DR2.r” It is not yet 

T&k 2. Nucleotide-Sequence Typing of the HLA-ORB Chain in 
Five Representative Patients wifh Chronic Lyme Afthritis. 
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Table3.Conehti0lIOfHLA-DRSpecificitiesWiththe~~d 
krtEbkbicThWpyh6OPatientsWithLpl@3AMtiS. 

In five of the patients with chronic Lyme arthritis 
_ ./.,. .a- I +.:^-I ” HLA-DR4 occurred together with HLA-DRS, a mm: 

RorormCn NoIllzJIoNDcu 
(N--.22) (N - U) 

bination that is reminiscent of that seen in insulin. 
. -depend&t juvenile diabetes, in w&h the r&vant 

susceptibility structure is tbougbt to be located OQ 
the HIADQ moleouIe.ss Arguing against a 8In&. 
ity in the moIwuIar basis of susctptIbili~$’ to & 
two discam is the increased fkquency of HI.& 
DR2 in Lyme arthritis and the fact that both of 
the patients with Lyme arthritis whom we tested 
had the Dw2 allele of HLA-DR2, which is assod- 

-dw@arw 

IUA-DRI 60 7 (II) 
uI.A-oR2 Sc#) 13 04 
Iiu-DR3 4 (IS) 9 04) 
Hl.A-DR~ 2m 20 (53)’ 
HLA-DRS 603 6 (16) 
HlA-mw6 1 w 4fll) 
HLA-OR7 4 (18) 6 (16) 
HLA-DR2 a IfLA-DR4 10 (45) 23 (61) 
HLAQRwS2 IO (4s) IS 099) 
HuQRw53 7 022) 1a (47) 
m-1 13t59) 16 (42) 
HLA-DQw2 6(Trl 8(21) 
m-DQlw3 8 (361 210s) 

v - 0.01 flxcbe cvnlpuhribhcpMicmivhamcberrfr*icupm&d~-. 

atcd with dominant resistance to insulindepard&t 
diabetes. 

known, however, whether encephalomyelitis has an 
immunogenetic basis. 

It is of great interest that both chronic Lyme arthri- 
tis and rheumatoid arthritis arc associated with the 
presence of HLA-DR4.2’ However, only certain sub. 
types of HLA-DR4 - those encoded by the Dw4, 
Dw14, and Dw15 alleles - are found in patients with 
rheumatoid arthritis, whereas two other subtypes, 
HLA-DwlO and Dw13, are not.” The former group 
of subtypes differs from the latter primarily by the. 
presence of negatively charged amino acids at po- 
sition 70, 71, or 74 in the third diversity (hypervar- 
iable) region of the HLA-DR /31 chain.2’*W Rheuma- 
toid arthritis has a secondary association with the 
presence of HLA-DRl. Since HLA-DRl has the 
same amino acid sequence as HLA-Dw4, Dw14, and 
Dw15 in the third diversity region, this unique alpha- 
helical structure has been postulated to specify the 
mokular basis for susceptibility to rheumatoid ar- 
thritis.2’” 

In patients with Lyme arthritis, only HI&DR4 
WassienificantIy associated with a lack of response to 
antibiotic tbcrapy. since the fttsucncy of treatmat 
fiiilurc was not significantly increased in patients with 
the HI&DR2 specificity, even after the exclusion of 
HLA-DR4-positive patients from the analysis, it is 
possible that the molecular basis of susceptibility 
may not be the same for both spc&icitics. A ro 
cent report suggested that B. bwgai$iti might trigger 
Rciter’s syndrome or sacroiIiitis, which did not r+ 
spond to antibiotics, primarily in HLA-B27-pokve 
patients. w Although 3 of the 28 patients with’ chronic 
arthritis in our study had HLA-B27, none had spon- 
dyloarthropathy, and the fi-quency of this ape&i&y 
was not greater than one would expect in the general 
population. 

On the basis of these results, several alternative 
mechanisms can be postulated for the development of 
chronic Lyme arthritis in gcncticaIly susceptible per- 
sons. First, the Class II molcculcs of the HI&DR4 or ‘$ 
DR2 haplotypc may combine with a distinct artkit+ <; 
gcnic epitope of B. burgdorftri that has molecular mim- I- 

Of the five patients with chronic Lyme arthritis in 
whom nudcotide-sequence typing was done, three 
had the common northern European white HLA-Dw4 
or Dw14 allele, as is found in patients with rheumatoid 
arthritis. Although the fourth patient had the HLA- 
Dwl3 allele, which is not associated with rheumatoid 
arthritis, this patient was heterozygous (HLA-DR4, 
DR2), and it is possible that the HLA-Dw2 allele 
could independently account for his sttsceptibility to 
chronic Lyme arthritis. The fifth patient had only 
HLAXhv2 as the allele putatively responsible for 
chronic joint involvement. Although more than one 
HLA conformation may be important in chronic 
Lyme arthtitis, the lack-of an association with HLA- 
DRl suggests that the conformation of the third diver- 
sity region that confers susceptibility to rheumatoid 
arthritis is not critical to the development of chronic 
Lyme arthritis. 

icry with a-component of-the host. The interaction of 
T helper cells with this major histocompatibiityazrm- 
plcx may lead to an autoimmune response that contin-, 
ucs for some time after the organism has been k&d. 
Second, as a result of thymic selection, the Class II 
molcculcs may have chosen potentially autoreactive 
T-cell clones that can be triggered by a spirochetal 
pcptidc that functions as a supcrantigen.2s Conversely, 
during thymic maturation, these patients may have 
deleted T-cell clones necessary for the elimination of 
the spirochete. They may thus have persistent spire- 
chetaI infection accompanied by. au incfkctive.im- 
mune response that causes “bystander” injury to the 
host. Because the causative agent of Lyme arthritis is 
known, this disease presents an important opporhmI?y 
to determine the molecular interactions atnong’$e 
components of B. btrrgthrfni, spc,cific Class Il. da- 
jor histocompatibiity molecules, and Tcell r-taptors 
that, in particular untowarcl combinations, lead to this. 
form of chronic arthritis. -0. :. 

We are indebted to Ma. Joan Feld, Mr. Cliiton Peters, Ms. C& .a 
Kimpson, and Mr. Robert Grcdricki for labomtory assM8nCk &d * 
to Ms. Eli Taylor tw ha help with the pa&u. 
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